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Water Table Management 
Louis E. Cullipher 
Director, Department of Agriculture 
City of Virginia Beach, Virginia Beach, Virginia 
Soils 
Approximately 85 percent of the soils in Back Bay 
Watershed are poorly or very poorly drained. The 
General Soil Map for the Back Bay Watershed is 
on Figure 1. A Management Plan for Back Bay, 
Mann and Cortell (1984). These soils meet the 
definition of "Hydric" as defined in the "Federal 
Manual for Identifying and Delineating Jurisdic-
tional Wetlands". An Interagency Cooperation 
Publication (1989). 
The soils are nearly level and range in elevation 
from sea level to about 15 feet mean sea level 
(ms!) at the crest of Pungo Ridge. There are some 
areas that extend several miles before the 
elevation rises from sea level to about 5 feet. 
The seasonal high water table of the "hydric" 
soils range from 0 to about 1 foot. Soil Survey 
of the City of Virginia Beach (1985). Typically, the 
soils are underlain by sandy material at about lm. 
The upper layers range in texture from loamy to 
fine silty. The permeability of the most restrictive 
layer ranges from moderate to very slow. Soil 
Survey of the City of Virginia Beach (1985). 
Cropping Systems 
The typical cropping system is Corn, Wheat, and 
Soybeans. Corn is planted in early April, and is 
harvested in August; winter wheat is planted in 
October and harvested the following June and 
immediately planted to no-till or minimum-tilled 
soybeans. The soybeans are harvested in October 
or November. This results in three crops being 
produced and harvested in two years. 
Many agricultural management activities 
influence the environmental problems associated 
with crop production. These include tillage 
practices, fertilization, pesticide application, 
methods and rates, and drainage and irrigation 
practices. 
Typical Drainage System 
Open ditch drainage systems have been used in 
the Back Bay Watershed since the 1600s. The 
spacing varies from about S0m to 100m. The field 
or "tap" ditches are usually 0.8m deep with sub-
mains and main ditches ranging up to about I.Sm 
deep. Shallow drains called "hoe drains" are 
constructed perpendicular to the direction of the 
row. These are used to facilitate movement of 
water that may be "trapped" between the rows. 
The fields between the ditches are "crowned" and 
they are usually called "cuts". The ditch banks 
usually have dense riparian vegetation. This 
consists primarily of herbaceous plants, but may 
include a variety of woods plants. 
Intensive drainage systems that are necessary 
to provide trafficability during wet periods have 
tended to overdrain many areas and reduce 
yields. Presentation made by Evans and Skaggs 
at the American Society of Agricultural Engi-
neers, Canada (1989). Water table management 
systems provide drainage during wet periods and 
also minimize over drainage by using water 
control structures to manage the water level in 
the drainage outlet. 
Researchers in North Carolina have been 
investigating the influence of water table man-
agement on water quality for over 15 years. 
Evans and Skaggs, American Society of Agricul-
tural Engineers, (1989). Studies indicate that 
controlled drainage tends to reduce outflow from 
drainage systems compared to either uncon-
trolled surface or surface drainage. Researchers 
observed approximately a 50 percent reduction in 
total annual outflow from controlled fields at 
Tidewater Research Station, compared to uncon-
trolled fields. Gilliam (1978). Annual outflows 
determined at 14 artificially drained sites in 
eastern North Carolina are shown on Table 1. 
Researchers observed only minor differences in 
phosphorous or nitrate-nitrogen concentrations 
in drainage outflow from controlled drainage as 
compared to uncontrolled drainage. These stu-
dies were conducted on 5 different sites in 4 
counties in the Tidewater region of North 
Carolina. Outflow measured at each site con-
tained varying proportions of surface and subsur-
face drainage with only minor differences in 
nutrient concentration. Nutrient concentrations 
differences were observed among sites but this 
was believed to be due to differences in soil type, 
crop grown and fertilization rates. Nutrient 
concentrations observed in drainage outflow 
from these two studies are summarized in 
Table 2. 
Higher water table levels provided by drainage 
control increases the potential for denitrification 
and resulted in lower concentrations of nitrate-
nitrogen compared to uncontrolled drainage. 
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Studies by Gambrell have shown considerable 
denitrification occurred in poorly drained soils 
with high water table. Gambrell (1974). This 
resulted in less nitrate-nitrogen leaving the fields 
in drainage waters when compared to better 
drained soils. 
Nutrient Transport 
The most frequently observed benefit of water 
table management for water quality has been its 
influence on total nutrient transport in drainage 
outflow. Drainage control reduced the annual 
transport of total nitrogen (No3-N and TKN) at 
the field edge by 7 kg/ha (46.5%) and total 
phosphorous by 0.19 kg/ha (44%) in field studies 
conducted by Evans et al. (1989). Gilliam et al., 
1978 observed a reduction in nitrate-nitrogen 
from 25-30 kg/ha for uncontrolled drainage to 
12-15 kg/ha with drainage control. Of the 12-15 
kg/ha reduction with controlled drainage, 50 
percent (6 kg/ha) resulted from winter control 
(Dec.-Feb.). Annual effluxes estimated in the 14 
site studies are summarized in Table 3. 
Management 
The operation of a water table management 
system includes two important management 
considerations. The first concern is management 
of the system for optimum production efficiency. 
The second concern is management of the system 
for maximum water quality. Farmers are con-
cerned about the optimum depth of water under 
the crop. Experience has shown that yield 
reductions will not occur on most soils for short 
term fluctuations. General water table manage-
ment guidelines to promote water quality for a 
2 year rotation of corn-wheat-soybeans are 
shown in Table 4 . Most of the control elevations 
adjustments are related to trafficability and 
seasonal fluctuations in rainfall. 
Management during the non-growing season 
is beneficial for water quality. During May 
through August potential evapotranspiration 
exceeds precipitation. Mann (1984). Essentially, 
no water is leaving the soil system by leaching 
into the groundwater. The soil system begins to 
recharge beginning in about December and 
extends to about May. This means that the 
greatest potential loss from the soil system from 
leaching is during the winter and early spring. 
The water budget analysis for Virginia Beach is 
shown in Table 5. This is why it is particularly 
important to manage the water control struc-
tures during the winter and early spring. 
Another important consideration is trafficabil-
ity. Trafficability is absolutely essential for 
efficient production. Water level must be low 
enough to allow drying of the surface layer to 
permit equipment to operate. Soil compaction 
will occur if the soil is too wet resulting in slower 
hydraulic conductivity, irregular water move-
ment pattern and poor soil tilth. 
Monitoring The System 
Field water table elevations may be considerably 
different from the water level in the outlet 
ditches or elevation in the control structures. 
Intensive management of these systems is 
required for both production and water quality. 
Systems cannot be properly managed by 
merely observing the water level at the drainage 
outlet or control structure. The response time for 
water table fluctuations in the field may be 
several days longer than similar water level 
fluctuations in the outlet ditch. Field water table 
monitoring wells (observation wells) are essential 
for proper system management. The construc-
tion, location, installation and monitoring fre-
quency of observation wells has been reported by 
Doty (1986), Evans and Skaggs (1985) and Evans 
and Skaggs (1989). Figure 2 illustrates the 
observation and calibration systems for "open" 
systems, parallel ditches or tile systems outletting 
directly into ditch outlets. Agricultural Water 
Table Management - A Guide for Eastern North 
Carolina (1985). 
Summary 
The results of over 15 years of water quality 
water table management research in North 
Carolina have shown the potential to improve 
drainage water quality by controlled drainage and 
water table management. The potential water 
quality benefits are dependent on management 
intensity. Results of these studies can be trans-
ferred to the Back Bay Watershed since soils, 
cropping systems and management are very 
similar to those in North Carolina. 
Management strategies and guidelines were 
developed for water table management systems 
from the results of the earlier research. The 
management guidelines address both production 
and water quality considerations. 
Based on information presently available, 
water quality benefits to reduce eutrophication 
problems in surface waters can be provided with 
steady state weir elevations in drainage control 
structures to minimize drainage outflow 
volumes. Management strategies for this situa-
tion are compatible for both production and 
drainage water quality. The primary manage-
ment requirement for drainage water quality is 
year round drainage control. 
Data is not presently available to evaluate the 
overall impact that these changes in drainage 
water management would have on the estuarine 
ecosystem. 
Based on data generated by research in North 
Carolina, water control structures are being 
installed and managed to : (1) create optimum 
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growing conditions for crops, and (2) minimize 
NPS pollution. 
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Table 1. Annual Outflow at the Field Edge as Influenced by Water Table Management Strategy and Soil Type. 
Drainage * Total Drainage OutflOWcm 
Soil Strategy No. Control @ Controlled % Reduction 
Bladen$ Subsurface 45 .1 40.6 11.1 
(Acredale) Surface 36.7 35.6 3.1 
Hyde# Subsurface 25.6 26 .9 40.0 
Surface 21.9 14.8 32.4 
Portsmouth$ Subsurface 35.9 31.4 14.3 
Surface 30.3 25.4 19.3 
Portsmouth# Subsurface 24.8 13.2 46.8 
Surface 13.7 9.6 29.9 
Tomotley $ Subsurface 38 .0 35.3 7.6 
Surface 31.1 30.1 3.3 
Average Subsurface 34.0 23.2 31 .8 
Surface 30.l 22.4 25 .6 
Source: Evans and Skaggs Paper 89-2129 
ASAE Meeting in Canada 
Table 2. Nutrient Concentration in Drainage Outflow at the Field Edge as Influenced by Management 
Strategy. 
Nutrient Concentrations, mg/L 
Drainage * No. Control @ Controlled 
Soil Strategy N03N TKN TP N03N TKN TP 
Bladen$ Subsurface 9 1.4 .05 6.6 1 .4 .07 
(Acredale) Surface 2.4 1.4 .11 2.2 1.4 .12 
Hyde# Subsurface 3 .6 .9 .02 
Surface 3.1 1.7 .07 
Portsmouth $ Subsurface 10.5 1 .5 .02 7.9 1.4 .05 
Surface 3.7 1.5 .06 2.6 1 .5 .09 
Portsmouth # Subsurface 9 .0 1.4 .02 
Surface 
Tomotley $ Subsurface 11.4 1 .5 .02 8 .0 1.4 .05 
Surface 4.2 1.4 .1 2.3 1.4 .12 
Average Subsurface 8.7 1.4 .05 6 .8 1.5 .07 
Surface 3.0 1.8 .14 2 .6 1.7 .12 
Source: Evans and Skaggs Paper 89-2129 
ASAE Meeting in Canada 
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Table 3. Nitrogen and Phosphorus Transport in Drainage Outflow Influenced by Soil Type and Water Table 
Management Strategy. 
Annual Nutrient Transport, kg/ha 
Drainage * No Control@ Controlled 
Soil Strategy NO3N TKN TN= TP NO3N TKN TN= TP 
Bladen$ Subsurface 40.8 6.4 74.2 .21 26.8 5.5 43.4 .27 
(Acredale) Surface 8.7 5.3 14.0 .42 7.7 5.1 12.8 .44 
Hyde# Subsurface 9.3 2.2 11.4 .10 6.1 1.4 7.5 .07 
Surface 6.8 3.8 10.6 .31 4.6 2.6 7.2 .21 
Portsmouth $ Subsurface 37.7 5.4 43.1 .08 24.7 4.5 29.2 .15 
Surface 11.3 4.5 15.8 .19 6.6 3.7 10.3 .26 
Portsmouth # Subsurface 22.3 3.5 25.8 .10 11.9 1.8 13.7 .05 
Surface 9.6 2.2 11.8 .11 6.7 1.5 8.2 .08 
Tomotley $ Subsurface 43.5 5.8 49.3 .07 28.2 5.1 33.3 .16 
Surface 13.0 4.5 17.5 .31 6.9 4.3 11.2 .35 
Average Subsurface 26.5 4.6 31.1 .21 14.2 3.8 17.3 .17 
Surface 8.5 5.3 13.8 .48 4.5 3.1 7.6 .28 
Source: Evans and Skaggs Paper 89-2129 
ASAE Meeting in Canada 
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Table 4. General Water Table Management Guidelines to Promote Water Quality for a 2-Year Rotation of 
Corn-Wheat-Soybeans. 
Period Production Activity 
Mar. 15- Tillage, Seedbed Preparation, 
Apr. 15 Planting 
Apr. 15- Crop Establishment, Early Growth 
May 15 Nitrogen Sidedress 
May 15- Crop Development and Maturity 
Aug. 15 
Aug. 15- Harvesting, Tillage, Plant Wheat 
Oct. 15 
Oct. 15- Wheat Establishment 
Mar. 1 
Mar 1.- Sidedress Wheat 
Mar. 15 
Mar. 15- Wheat Development and Maturity 
Jun. 15 
Jun. 15- Harvest Wheat Tillage, Plant Beans 
Jul. 15 
Jul. 15- Soybean Development and Maturity 
Nov. I 
Nov. 1- Soybean Harvest 
Dec. 15 
Dec. 15- Fallw 
Mar. 15 















Just low enough to provide 
traffica bili ty 
Just low enough to provide 
traffica bility 
Temporary adjustment during wet 
periods 
Low enough to provide 
trafficability 
Lower during extremely wet 
periods 
Low enough to provide 
trafficability 
Temporary adjustment wet 
periods 
Depends on season 
Temporary adjustment to allow 
cultivation 
Low enough to provide 
trafficability 
1. Most adjustments are related to trafficability and must take into acount weather conditions at the time and 
soil characteristics. 
- in an unusually dry season: control can be 3-6 inches higher. 
- in an unusually wet season: control should be 3-6 inches lower. 
- in course textured soils: trafficability can be provided with the water table approximately 6 inches higher 
(example: arapahoe, ballahack, coarser portsmouth). 
2. Supplemental water availability is also an important consideration 
- if water is limiting: conserve as much rainfall as possible and still provide crop protection and 
trafficability. 
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Table 5. Water Budget Analysis: Virginia Beach, Station: Norfolk, Virginia, Latitude: 36 54' N, 
Longitude: 76 12' W, Period of Record: 1946-1981. 
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Annual 
Temperature (F) 50.5 41.4 48.1 57.8 66.7 74.5 78.3 76.9 71.8 61.7 51.6 42.3 59.30 
Precipitation (in.) 3.35 3 .31 3.42 2.71 3.34 3.62 5 .70 5.62 4 .20 3 .06 2.94 3.11 44.68 
Potential Evapo- 1.03 0 .26 0.93 2.31 3.66 5.54 6.38 5.92 4.02 2.33 1.02 0.05 33.60 
transpiration 
(in.) 
Precipitation 2.32 3.05 2.49 0.40 -0.32 -1.92 -0.68 -0.30 0.18 0.73 1.92 2.61 11.08 
Minus Potential 
Evapotrans-
pira tion (in.) 
Soil Storage (in.) 6.00 6.00 6.00 6.00 5.68 4.11 3.67 3.97 4.15 4.88 6.00 6.00 
Change in 0.00 0.00 0.00 0.00 -0.32 -1.57 -0.44 +0.30 +0.18 +0.73 +1.12 0.00 
Storage (in.) 
Actual Evapo- 1.03 0.26 0.93 2.31 3.66 5.19 6.14 5.62 4.02 2.33 1.02 0.50 33.01 
transpiration 
(in.) 
Water Deficit 0.00 0.00 0.00 0.00 0.00 0.35 0.24 0.00 0.00 0.00 0.00 0.00 
(in.) 
Water Surplus 2.32 3.05 2.49 0.40 0.00 0.00 0.00 0.00 0.00 0.00 0.80 2.61 11.67 
(in.) 
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figure I. Soil map for the Back Bay Watershed. 
293 
FIGURE 2 
Scale in ditch at well 
Observation well 










Water Control Structure 
(Located in ditch) 
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Mark the structure 
using paint, a scale, 
etc, referencing the 
structure to ground 
level. 
AGRICULTURAL WATER TABLE MANAGEMENT - A GUIDE FDR EASTERN NORTH CAROLINA 1985 
Figure 2. Observation and calibration procedures for parallel ditches, or tile systems, outletting directly 
into ditch outlets. 
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